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GENERAL INTRODUCTION 
Along with wheat (Tritlcum spp.) and rice (Orvza spp.), maize (Zea 
mays L.) is considered one of the most important cereals in the world. 
Because its processing is easier and more efficient than other cereals, 
it has achieved a higher level of industrial utilization than any other 
cereal grain (Watson, 1976), 
Many Corn Belt hybrids have soft starch with poor dry milling 
properties and undergo damage during harvesting, drying, and 
transportation. This lowers their domestic and overseas trade value. 
Hill et al. (1979) inspected three shipments of maize at foreign 
destinations and found that the grain was one to four grades lower than 
at the elevator origin. Hill (1981) emphasized the need for improvement 
of quality traits of maize if the United States wanted to maintain its 
present status as a major grain exporter. The needs of end users can be 
met more effectively by breeding maize as a specialty crop rather than as 
a mere generic commodity. Recent emphasis on end user needs may result 
in new hybrids and agronomic practices to accentuate the already existing 
quality diversity (Hurburgh, 1990). 
Genetic variability is an essential prerequisite for any successful 
breeding program. Most maize germplasm is not adapted and, therefore, is 
not directly usable in U.S. Corn Belt breeding programs. Maize breeders 
need to introduce, adapt, and evaluate the germplasm to make it available 
for continued genetic gain in the future (Goodman, 1985). 
As exotic maize races are thought to have a different evolutionary 
history from the U.S. races, they might have many useful mutants for 
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quality traits, productivity, resistance against insect pests and 
diseases, etc. Hence, it is very important to evaluate exotic germplasm 
for its adaptability and potential in the temperate areas of the United 
States. Along with favorable alleles, exotic populations/inbreds also 
have unfavorable or deleterious alleles. Therefore, we want to limit 
their contribution to the level where we can get desirable gene 
combinations without losing favorable alleles and yield potential from 
well-adapted germplasm. Testcrossing exotic inbred lines or populations 
with U.S. Corn Belt lines or populations has been suggested by many 
researchers (Burton and Davies, 1984; Dudley, 1984; Frankel and Brown, 
1984; Gerloff and Smith, 1988). It can help to evaluate the potential 
contribution of favorable alleles by exotic germplasm accessions by 
ranking them on the basis of their favorable allele frequencies. 
3 
LITERATURE REVIEW 
Evolution of U.S. Corn Belt Maize Hybrids 
Wallace and Bressman (1925), Troyer (1931), Anderson and Brown 
(1952), and Wellhausen et al. (1952) suggested the original sources of 
U.S. maize germplasm that contributed to the evolution of Corn Belt Dent 
race. Corn Belt varieties evolved through repeated hybridization between 
the two races Northern Flint and Southern Dent. The combination created 
a vast reservoir of genetic variability for ear and plant traits that led 
to the highly productive Corn Belt Dent maize varieties. Brown and 
Anderson (1947) gave a detailed description of the Northern Flint racial 
complex. Northern Flints have been successively thought to have their 
origin from south-western United States (Mangelsdorf and Reeves, 1939), 
from the San Marceno and Serrano races of the highlands of Guatemala 
(Brown and Anderson, 1947), and from the Mexican race Harinoso de Ocho 
(Galinat and Gunnerson, 1963). Doebley et al. (1986) performed an 
isozyme analysis of eighteen Northern Flint populations and suggested 
their origin from north-western Mexico and south-western U.S. They also 
concluded that the Northern Flint race got some degree of variation from 
other North American maize landraces during its evolution. 
Brown and Anderson (1948), and Anderson and Brown (1952) concluded 
that the Southern Dent complex was derived from the Mexican dents, most 
probably 'Tuxpeno'. Brown and Goodman (1977) suggested that Southern 
Dent varieties were related to the central Mexican dent varieties. 
Southern Dents' contribution to Corn Belt varieties include prolificacy, 
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disease and insect resistance, tapering ears, high number of kernel rows 
and softer textured kernels (Brown and Anderson, 1948). 
Shull (1908, 1909) showed that homozygous and homogeneous inbred 
lines can be extracted from an open-pollinated maize variety consisting 
of a range of heterogeneous genotypes by self pollination for five to 
seven generations. By crossing weakened inbred lines, uniform and 
vigorous single crosses were developed which had higher yield potential 
than their respective parental inbred lines. 
Jones (1918) suggested the use of highly productive single crosses 
to produce double-cross hybrid seed to solve the problems of limited and 
expensive single-cross hybrid seed supplies. The variation among double-
cross hybrids showed that only specific combinations of inbred lines gave 
higher-yielding double-cross hybrids. Davis (1927), and Jenkins and 
Brunson (1932) showed that crossing lines with a common tester was an 
effective method of screening inbred lines for their performance in the 
hybrids. Empirical evidence (Wu, 1939; Hayes and ^ vnnson, 1939; Eckhardt 
and Bryan, 1940; Johnson and Hayes, 1940; Cowan, 1943; Hoegemeyer and 
Hallauer, 1975) has shown that the greatest expression of heterosis in 
hybrids was from use of inbred lines derived from divergent sources. 
Better heterosis was observed when parents derived from 'Iowa Stiff 
Stalk' germplasm were crossed to those derived from Lancaster germplasm. 
Maize breeders concentrated their efforts to develop populations from 
lines derived from Iowa Stiff Stalk and other populations involving lines 
derived from Lancaster Sure Crop to maintain the genetic diversity 
between the two populations. 
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Genetic Vulnerability 
As reported by Hallauer and Miranda (1988), nearly 100% of the maize 
acreage was planted to double cross hybrids in Iowa by 1943 and in the 
United States by 1960. During the late 1950s and early 1960s, very few 
single-cross hybrids were produced and grown. Cockerham (1961) showed 
theoretically that expected genetic gain among single cross hybrids 
within a population would be at least double than that among double cross 
hybrids. U.S. Corn Belt maize breeders improved the vigor and yield of 
inbred lines adequately for their use as parents for economical and 
efficient single-cross hybrid seed production. Use of the inbred-hybrid 
breeding method has been effective for developing genetically superior 
hybrids (Russell, 1986). 
Consistent genetic gain has been obtained from a limited portion of 
the total maize germplasm available to the breeders. Pedigree selection 
within crosses of a few promising lines from the Corn Belt,Dent race was 
emphasized rather than population improvement and development of new 
populations to broaden the genetic base of Corn Belt hybrids. Extensive 
use of a few inbred lines with similar genetic background in the 
production of maize hybrids is the main reason for concern of genetic 
vulnerability. This concern grew after the shift from double-cross to 
single-cross hybrids (Hallauer and Miranda, 1988). Elite inbred lines 
were intercrossed and selected to provide recovered second cycle lines 
through pedigree selection. Jenkins (1978) found that the genetic base 
of breeding programs was being reduced because greater emphasis was being 
given to the development of recycled lines. In 1936, only 2.3% of the 
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lines were second cycle lines. This figure rose to 20% in 1948, 26% in 
1952, 40% in 1956, 50% in 1960, and 67% in 1976 (Jenkins, 1978). The 
trend is rather greater in private breeding programs where it is 
estimated that 75% to 90% of breeding efforts are focused to recycling of 
very few elite lines (Hallauer, 1979; Bauman, 1981; Smith, 1988). 
Gradual but continuous decrease in genetic diversity has also been 
reported from surveys conducted to determine the extent of commercial use 
of lines released by public breeding programs (Zuber, 1975; Zuber and 
Darrah, 1980; Darrah and Zuber, 1986). Zuber and Darrah (1980) reported 
that seven of the ten more frequently used lines included Iowa Stiff 
Stalk Synthetic germplasm that traced to three lines (B14, B37, and B73). 
Two other lines, Mol7 and A619, were recycled lines of C103 and Oh43, 
respectively, which represented Lancaster Sure Crop germplasm. 
Smith (1988) biochemically genotyped 138 U.S. Corn Belt commercial 
hybrids for 21 isozyme loci and reported that the parentage of these 
hybrids is similar, or closely related to, four inbred lines (A632, B73, 
Mol7, and Oh43). He concluded that Iowa Stiff Stalk Synthetic lines 
crossed to Lancaster Sure Crop derived lines was the predominant 
heterotic pattern used in commercial maize hybrids. 
Brown (1975) reported that U.S. maize breeders have ignored nearly 
98% of the available Zea mays L. germplasm. Goodman and Brown (1988) 
indicated that there are 130 to 140 racial complexes of maize in the 
world. They identified nine racial complexes within the United States. 
It has been estimated, however, that U.S. maize breeders have emphasized 
selection and line development for hybrids within germplasm whose origin 
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traces only to three existing races of maize and from very few 
populations of these races. 
Zuber and Dafrah (1980) indicated the restricted genetic base of the 
U.S. hybrids. The summary of the sources of the lines used to produce 
hybrids showed that these lines were derived mainly from Stiff Stalk 
Synthetic (42.4%) or Lancaster Sure Crop (39.2%). Only 18.4% of the 
lines have their origin from other germplasm sources. They suggested 
that other unrelated germplasm sources should be explored to broaden the 
genetic base of U.S. hybrids. 
Exotic Germplasm -- Evaluation and Utilization 
The wealth of germplasm available to maize breeders is amazing if we 
consider the volume of maize accessions that has been collected over the 
years. Lonnquist (1974) defined maize germplasm as any population 
selected and adapted in an environment other than the U.S. Corn Belt. 
For applied breeding programs, exotic germplasm includes all germplasm 
that does not have immediate usefulness without selection for adaptation 
for a given area (Hallauer and Miranda, 1988). It can be classified on 
the basis of its evolutionary history and previous breeding, e.g., inbred 
lines having a narrow genetic base, as compared to landraces or varieties 
having a broad genetic base (Paterniani, 1962). 
Inbred lines can be used directly in hybrids or to form synthetic 
populations to meet specific objectives. On the other hand, races and 
varieties have their utility in long-term breeding programs like 
recurrent selection programs, heterosis studies in intervarietal crosses, 
or sources of qualitative traits. Almost all natural variability for 
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adaptation and germplasm for general and specific purposes can be 
obtained from Central and South America (Hallauer and Miranda,1988). The 
use of exotic germplasm to broaden the genetic base of maize hybrids has 
been emphasized by many researchers (Wellhausen, 1956, 1965; Brandolini, 
1969; Leng et al., 1962; Paterniani, 1962; Lonnquist, 1974; Brown, 1975; 
Brown and Goodman, 1977; Hallauer, 1978; Geadleman, 1984). Genetic 
variability and genetic gain from selection can be enhanced by 
incorporation of exotic germplasm into local adapted populations 
(Griffing and Linstrom, 1954; Goodman, 1965; Castro et al., 1968; Osman 
and Robertson, 1968; Shauman, 1971; Wathika, 1983; Pixley-Sinclair, 1984; 
Crossa and Gardner, 1987). 
Goodman (1965) reported data for an adapted population. Corn Belt 
Composite, and a population that included exotic germplasm. West Indian 
Composite, He concluded that genetic variability without lowering yield 
was greater for the population that included exotic germplasm. Shauman 
(1971) also reported greater estimates of genetic additive variance in 
the hybrid performance of Krug x Tabloncillo 13 Hi Synthetic 3 than in 
the adapted variety Krug. Heterosis among exotic varieties and among 
exotic X adapted varieties has been found for many varieties (Wellhausen, 
1956, 1965). 
Mungoma and Pollak (1988) found exotic maize populations which show 
different heterotic patterns than the traditional Reid X Lancaster. Beck 
et al. (1991) reported the potential of CIMMYT's subtropical and 
temperate materials as exotic germplasm sources for temperate breeding 
programs. 
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The potential of exotic germplasm especially for improvement of 
simply inherited traits has been demonstrated in many crop species, e.g., 
disease resistance in potato (Solanum tuberosum L.), sugarcane (Saccharum 
officinarum L.), and tomato (Lvcopersicon esculentum Miller) (Harlan, 
1984). The usefulness of exotic germplasm has also been shown for the 
improvement of quantitative traits like grain yield in pearl millet 
[Pennisetum glaucum (L.) R.Br.] and sorghum [Sorghum bicolor (L.) Moench] 
(Burton, 1982; Cox et al.,1984; Bramel-Cox et al., 1986; Rattunde et al., 
1989). 
Fehr (1987) reported successful utilization of exotic germplasm in 
wheat and maize. Two dwarfing genes were found in a short, stiff-strawed 
Japanese wheat cultivar, which was crossed in Japan to the American 
cultivars 'Fultz' and 'Turkey'. A dwarf cultivar, 'Norin 10' was 
released in 1935 to Japanese farmers. The use of Norin 10 in the wheat 
breeding program at Washington State University led to the development of 
the semi-dwarf wheat cultivar 'Gaines'. A Norin 10 derivative from the 
Washington State program was crossed to indigenous Mexican cultivars by 
Mexican breeders. Several short statured spring wheat cultivars were 
released in Mexico. The same cultivars were introduced to India, 
Pakistan, the United States and other countries. It is estimated that 
the food supply of one quarter of the world population was improved by 
the dwarfing gene from Norin 10. 
Fehr (1987) quoted another case showing usefulness of exotic 
germplasm in Kenya. Maize production was severely reduced in West Africa 
due to introduction of rust (Puccinia polvsora") in 1949. Kenyan maize 
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breeders screened 68 East African lines and found no resistance. Lines 
of maize from Central America and Caribbean were brought to Kenya and 45 
of 203 lines screened were resistant. By backcrossing genes from the 
resistant lines into adapted African lines, maize lines with adequate 
rust resistance were developed by 1956. Hallauer and Miranda (1988) 
cited Brazil as one of the countries where exotic germplasm is 
responsible for almost 100% improvement of maize yield in relation to the 
local germplasm. 
Evaluation of exotic germplasm is a prerequisite for its utilization 
in any breeding program. For a qualitative or simply inherited trait, 
exotic germplasm can be evaluated per se in the environments which favors 
the expression of that particular trait. However, for quantitative traits 
like yield and other important agronomic traits, the performance of the 
unadapted germplasm per se may not be a true indicator of its potential 
performance due to photoperiod sensitivity, poor roots and stalks, 
susceptibility to insect pests and diseases, poor grain formation and 
poor adaptation (Stuber, 1978; Goodman, 1985). Brown (1982) cited 
photoperiod sensitivity as a critical factor for limited evaluation and 
utilization of tropical maize in temperate regions. 
Many exotic maize races presumably have a different evolutionary 
history from the U.S. and, therefore, are expected to have many favorable 
alleles for grain quality, productivity, resistance against insects and 
diseases and their response to various stress factors. Thus it is very 
important that exotic germplasm be evaluated for its potential in the 
temperate areas of the United States. Besides possible favorable 
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alleles, exotic populations also have unfavorable or deleterious alleles. 
Therefore, we want to limit the contribution of exotic germplasm to the 
level where we can get desirable gene combinations and higher genetic 
variance without losing favorable alleles for adaptation and yield 
potential from local germplasm. 
Testcrossing exotic inbred lines or populations with U.S. Corn Belt 
lines or populations has been proposed by many researchers (Burton and 
Davies, 1984; Dudley, 1984; Frankel and Brown, 1984; Gerloff and Smith, 
1988). It can help to explore the potential and contribution of 
favorable alleles by exotic germplasm accessions and ranking them on the 
basis of their favorable allele frequencies. Abel and Pollak (1991) 
compared ranking of unadapted accessions testcrossed to eight testers 
with their per se performance as sources of favorable genes that enhance 
grain yield and other agronomic traits. They suggested that more than 
one tester be used to screen unadapted maize accessions and the tester 
should also exhibit a high frequency of favorable alleles for traits such 
as root and stalk lodging to allow easier data collection. 
Wellhausen (1965) suggested that only small doses (25% or less) of 
exotic germplasm should be incorporated initially into adapted 
populations. Backcrossing with local germplasm may cause a loss of 
desirable alleles from the exotic germplasm due to genetic drift and 
linkage. Backcross generations also have lower genetic variance than F? 
generations. 
Hallauer (1978) summarized information available from the use of 
exotic germplasm. He reported variability among and within exotic 
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germplasm, heterosis expressed among exotic varieties and among exotic x 
adapted varieties. He further indicated the effects of selection within 
exotic germplasm and within populations formed by crossing exotic and 
adapted varieties. Results of simulated response to selection (Bridges 
and Gardner, 1987) indicated that the F2 was better when the adapted and 
exotic populations perform similarly. The backcross to the adapted 
population was better when the adapted population was superior; and the 
F2 was better when the adapted population has favorable alleles with 
large effects. 
Improvement for Quality Traits 
Many Corn Belt hybrids have soft starch with poor dry-milling 
properties and undergo damage during harvesting, drying, and 
transportation. This lowers their local and foreign market value. Hill 
et al. (1979) inspected three shipments of maize at foreign destinations 
and observed that the grain was one to four grades lower than at the 
elevator origin. Hill (1981) emphasized the need for improvement of 
quality traits of maize if the United States wanted to maintain its 
present status in grain exports. 
Duncan et al. (1972) and Jennings (1974) reported differences among 
commonly grown single-cross hybrids for breakage susceptibility and test 
weight. Johnson and Russell (1982) found genotypic differences among 
inbreds derived from BSSS for harvest moisture, visual rating of 
endosperm type, weight per 300 kernels, specific gravity and breakage, 
and highly significant genotype x environment interactions for all the 
traits. 
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Dunn et al. (1953) showed that different corn endosperm mutants 
produce varying quantities of starch in the corn kernel. They showed 
that the starch in the endosperm ranged from 74% to as low as 9% for 
different genotypes. The proportion of amylose and amylopectin in the 
starch varies under genetic control; from 0% amylose in waxy to about 80% 
for the highest amylose strains. 
Quality factors can be classified as general defects, storage 
factors, and end-user related factors (OTA, 1989). The presence of 
foreign matter, damage during harvesting, and heat damage during drying 
are examples of defect factors, whereas storage factors include moisture 
content and breakage susceptibility of the maize grain. The factors 
included in the U.S. grades are mostly the defect factors. 
Many maize quality factors not included in the U.S. grades and 
standards affect the economics of one or more end-uses (Hurburgh, 1990). 
End-user factors (i.e., oil, protein, and starch composition and starch 
type, etc.) of the grain are very critical for the consumers and 
processors. These are determined by genetics, agronomic practices, and 
environments. The compositional factors can be measured accurately and 
efficiently by using near-infrared spectroscopy (NIRS) on either ground 
or whole grain samples (Hurburgh, 1988). 
Hurburgh (1990) reported that one percentage point additional 
protein is worth 10-20 cents per bushel, whereas, each percentage point 
of additional oil content is worth 12-24 cents per bushel. Starch is 
most important for dry-milling and is worth 5-15 cents per bushel for 
each percentage point of additional starch. 
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Test weight Is considered important as an indicator of good quality 
both by dry and wet millers. It is determined by genetics, moisture 
content, drying rate, and other handling factors (Hall and Hill, 1973). 
Paulson and Hill (1985) showed that corn with test weight over 56 pounds 
per bushel yields more prime flaking grits in dry milling. Test weight 
is considered to be a major pricing factor because general quality 
defects associated with low test weight are not reflected in any other 
category of the official grades (Freeman, 1973). Maize with low test 
weight often has a lower percentage of hard endosperm and therefore 
produces a lower yield of prime grits when dry milled (Rutledge, 1978). 
Both density of kernels and packing in the container influence test 
weight measurement. Thousand grain weight is a measure of both seed size 
and density. High kernel density (above 1.25 g/cm^) has a high ratio of 
dense horny to hollow floury endosperm and is considered as an indicator 
of "hard" corn (Hurburgh, 1990). 
Hardness of the maize grain depends upon the relative amount of the 
horny and floury endosperm. As it is determined by genetic effects, it 
is not influenced by storage and handling operations. It can be 
estimated by observing visually the sectioned maize kernels or by using 
the Stenvert hardness tester (Pomeranz et al., 1984, 1985). Flint maize 
is considered hard since it has a high proportion of horny endosperm. 
Floury maize is soft because it has little horny endosperm, whereas dent 
maize is considered intermediate in hardness. Dorsey-Redding et al. 
(1990) reported high correlation between kernel density and Stenvert 
hardness (r •= 0.8). They also developed predictive equations for Stenvert 
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hardness test results and kernel density as functions of protein, oil and 
test weight. 
Breakage susceptibility is a multiplicative combination of 
harvesting, drying, and genetic effects (Hurburgh, 1989). It is 
determined primarily by the presence of internal stress cracks and is not 
influenced by the type of the endosperm. 
The objective of the present study was to see the effectiveness of 
the maize race 'Cateto' to improve U.S. Corn Belt hybrids specifically 
for physical grain quality traits, as Cateto race has been reported to 
have higher protein, oil, test weight, and hardness (Hill et al, 1989). 
Two testers (Mol7 and B73) and three generations (Fj, F2, and Fg) were 
compared to see if they rank the exotic inbreds similarly. The 
performance of entry crosses was also compared under temperate and 
tropical environmental conditions. 
Explanation of Dissertation Format 
The dissertation is written in alternate format and consists of two 
papers. The first section compares the potential of maize inbreds 
representing the Cateto, intermediate, and non-Cateto races from Uruguay, 
Argentina, South Africa, and Taiwan with different proportions of adapted 
inbreds for grain yield and physical grain quality traits. The second 
section evaluates the effectiveness of Cateto race accessions crossed 
with two Corn Belt testers for grain yield and other agronomic traits 
under temperate and tropical environments. 
Each section in itself is a complete manuscript for submission as a 
publication in a professional journal. The graphs presented in the 
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appendices will not be a part of the publications. Section I is preceded 
by a General Introduction and Literature Review. General conclusions 
follow Section II. References for the General Introduction, Literature 
Review, and General Conclusions are listed in Additional References Cited 
following the General Conclusions. The format used for this dissertation 
is allowed in The Graduate College Thesis Manual, 1990 revised edition. 
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SECTION I. EVALUATION OF CATETO RACE ACCESSIONS FOR GRAIN YIELD AND 
PHYSICAL GRAIN QUALITY TRAITS 
18 
ABSTRACT 
Because many exotic maize races are thought to have a different 
evolutionary history from the U.S. races, they could possibly contribute 
favorable alleles for physical grain quality traits. The present study 
was conducted to explore the effectiveness of exotic inbreds from 
Uruguay, Argentina, South Africa, and Taiwan representing Cateto, 
intermediate, and non-Cateto races to improve U.S. Corn Belt hybrids, 
especially for their physical grain quality. The inbreds were crossed to 
two U.S. Corn Belt inbreds, Mol7 and B73, which represent the Lancaster 
and Iowa Stiff Stalk heterotic patterns, respectively. Evaluation of the 
18 testcrosses (F^'s), their F2, and backcross generations along with four 
checks was done during summer, 1989, at three locations, two in Iowa and 
one in Missouri, using a randomized complete block design. 
Significant differences were found among races for 1000 kernel 
weight, test weight, grain yield, and moisture content. The entry 
crosses and generations showed significant differences for all the traits 
(i.e., 1000 kernel weight, test weight., breakage, grain yield, and 
moisture content). Significant differences were also found between 
testers for all the traits except moisture. However, entry x tester 
interaction was significant only for breakage and yield whereas entry x 
generation interaction was significant for all the traits except 
breakage. 
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INTRODUCTION 
Since the introduction of hybrid maize, the U.S. average maize yield 
has increased steadily. The U.S. still produces more than 40% of the 
total world maize production (FAO, 1990). 
World market maize export shares show that the U.S. had an all-time 
high of 78.6% in 1980 (FAO, 1981). Field shelling of high moisture maize 
grain and subsequent rapid drying at high temperatures causes cracking of 
the kernels. When these precracked kernels are moved through market 
channels, they break easily (Russell et al., 1985). Physically damaged 
grains are more prone to the growth of microorganisms that may lead to 
the production of aflatoxins and mycotoxins. 
Both local and foreign markets are very sensitive to physical grain 
quality of maize. Physically inferior grain quality causes considerable 
reduction in end product both quantitatively and qualitatively. 
Following the crop of 1980-81, the U.S. lost market share to other maize-
exporting countries due to hard competition in the international market 
(OTA, 1989). 
Hill et al. (1979) and Hill (1981) emphasized the importance of 
higher quality maize grain for local and overseas trade. Duncan et al. 
(1972) and Jennings (1974) reported differences among commonly grown 
single cross hybrids for breakage susceptibility and test weight. 
Johnson and Russell (1982) found genotypic differences among inbreds 
derived from BSSS for harvest moisture, visual rating of endosperm type, 
weight per 300 kernels, specific gravity and breakage, as well as highly 
significant genotype x environment interaction for all the traits. 
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Higher test weight has been emphasized as an indicator of good quality 
both for dry and wet milling (Freeman, 1973; Rutledge, 1978; Paulsen and 
Hill, 1985). 
Argentine flint corn has higher protein, oil, test weight, and 
hardness than U.S. dent corn (Hill et al., 1989). Argentine corn would 
be better suited for feed and dry milling than U.S. corn, but less suited 
for wet milling. Hardness and high protein are the two most negative 
factors for wet milling (Johnson et al., 1989). 
The objective of the present study was to evaluate the potential of 
maize inbreds representing the Cateto, intermediate, and non-Cateto races 
from Uruguay, Argentina, South Africa, and Taiwan with different 
proportions of adapted inbreds for grain yield and physical grain quality 
traits. 
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MATERIALS AND METHODS 
The experimental material used for this study included 18 
testcrosses (F^'s), their Fg, and backcross generations along with four 
checks. Eighteen exotic inbreds originally collected in Uruguay, 
Argentina, South Africa, and Taiwan were used for making testcrosses. 
Seventeen were donated to the National Plant Germplasm System in 1950-51 
and one (from Taiwan) was donated in 1962. They were maintained at the 
North Central Regional Plant Introduction Station of the USDA-ARS at 
Ames, Iowa, and were assigned to three racial types, 'Cateto', non-
cateto, and intermediate on the basis of their endosperm types (Mark 
Millard, P.I. Maize Germplasm Curator, Ames, Iowa, personal 
communication). Information regarding the exotic inbreds, their origin, 
and other characteristics is presented in Table 1. 
Testcrosses and their F2's were made at the Agronomy and 
Agricultural Engineering Research Center near Ames, Iowa, in 1985 and 
1986 using Mol7 and B73, U.S. Corn Belt inbreds, as testers representing 
the Lancaster and Stiff Stalk heterotic groups, respectively. Along with 
production of backcrosses (Fj's x Mol7 and Fj's x B73) to increase the 
contribution of adapted germplasm to 75%, more Fj and ¥2 seed was produced 
near Isabela, Puerto Rico, during winter 1988-89. Due to inadequate seed 
set, more Fj and F2 seed had to be produced at the Agronomy and 
Agricultural Engineering Research Center near Ames,Iowa during summer 
1989. 
Table 1. Exotic maize inbreds^ crossed to two Corn Belt testers (B73 and Mol7) at Ames, lA, and 
Isabella, PR, during 1985-1989 
intry PI Year received Gob Seed Kernel 
no. no. Cultivar Source^ Race® by NPGsd Color® Length Type^ ColorS row no 
(cm) 
1 186184 Inb. 381 U I 1950 WR 15-18 Ft Dt YE 14-16 
2 186186 Inb. 606 U C 1950 W 10-15 Ft OR 16-20 
3 186187 Inb. 610 U C 1950 W 16 Ft YE 10-16 
4 186190 Inb. 624 U C 1950 W 7-15 Ft OR 14-20 
•5 186191 Inb. 627 U G 1950 W 10-15 Ft OR 10-18 
6 186215 Inb. 2-687 A C 1950 W 8-16 Ft RO 16-18 
7 186217 Inb, ,19-86 A C 1950 W 15 Ft OR 18-24 
8 186218 Inb. ,34-1141 A G 1950 W Ft OR 14-16 
9 186219 Inb. ,34-1181 A C 1950 W 10-13 Ft OR 12-16 
10 186221 Inb. ,39-1084 A C 1950 W 13 Ft OR 16-22 
11 186227 Inb .309 U C 1950 W 7-15 Ft OR 16-20 
12 186229 Inb .321 U G 1950 W 10-15 Ft OR 8-16 
10-12 
12-16 
12-14 
12-14 
8-12 
8-12 
®USDA-ARS Germplasm Resources Information Network. 
^ = Uruguay, A = Argentina, S = South Africa, and T = Taiwan. 
*^0 = Cateto, 1 - intermediate, and N = non-Cateto. 
"^National Plant Germplasm System. 
^ = White, and R = Red. 
%t = flint, Dt = dent, and Fr = flour. 
SyE = yellow, OR = orange, WH = white, RO = red-orange, and PU = purple. 
13 
14 
15 
16 
17 
198898 Inb.4F-316 A 
CB19 
198906 Inb.4F-403 A 
JV15 
221749 Inb.E-199-1-1 S 
(85 Syn. Anveld 40) 
221773 Inb.A415-l-3 S 
221805 Inb.(Peruvian) S 
A243-1-2(S10) 
N 
N 
C 
1951 
1951 
1954 
1954 
1954 
W 
W 
w 
10-20 Ft Dt OR 
10-20 Ft 
10-12 Fr 
OR PU 
WH 
R 10-16 Dt Ft WH 
W 5-10 Dt Ft YE 
18 303943 Inb.TN53-l-2 1962 W 7-13 Ft YE 
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Locations 
Testing of the 18 testcrosses (F^'s), their F2, and backcross 
generations along with four checks {[B73 x Mol7 (F^)], [B73 x Mol7(Mol7) 
(BC)], [B73 X Mol7(B73) (BC)], and [B73 x Mol7 was done during 
summer, 1989, at three locations using a randomized complete block 
design. The experiment with three replications was planted at the 
Agronomy and Agricultural Engineering Research Center near Ames, Iowa, on 
May 24. The experiment with two replications at each location was 
planted at Algona (Iowa) and Columbia (Missouri) on May 24 and May 3, 
respectively. Conventional agronomic and cultural practices of 
fertilization and weed control recommended for high productivity were 
applied at all the locations. About 2 kg seed samples were collected 
from each plot during combine harvest of the experiments, and dried at 
140°C for three days. 
Data collection 
Data were recorded for 1000 kernel weight, test weight, breakage 
susceptibility, yield, and moisture content at the three above locations. 
Moisture content was expressed in grams per kilogram of kernels at 
harvest. Yield was expressed as total shelled grains per plot and later 
converted to megagrams per hectare and adjusted to 155g kg"^ moisture 
content. Test weight (Kg h("^) was measured with a Dickey-John GACII 
capacitance moisture meter interfaced to a computer. This meter also 
estimates test weight from the weight of corn (200-250 g) in the known 
volume test cell; which is then converted to standard USDA test weight. 
Thousand kernel weight (g) was determined by randomly selecting 100 
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whole, undamaged kernels, weighing them to within 0.01 g, multiplying by 
10, then adjusting for differences in initial moisture content using the 
thousand grain moisture adjustment equation developed by Dorsey-Redding 
et al., 1990. 
Breakage susceptibility was measured with the Wisconsin Breakage 
Tester (WBT) as described by Singh and Finner (1983) and Watson and Herum 
(1986). The WBT impacted about 200-250 grams of cleaned corn. The 
impacted corn was screened over a 4.8 mm round-hole screen mounted in a 
Carter-Day dockage tester. Breakage susceptibility was defined as the 
percentage of the initial weight that passed through the screen. It was 
then adjusted to 15.5% standard moisture content. The moisture content 
from the GACII meter was used for this adjustment. 
Statistical analysis 
An analysis of variance according to randomized complete block 
design model was computed for each trait to derive mean squares for the 
entry crosses and their interactions with the generations and testers. 
Unweighted mean analysis had to be done due to unequal number of 
replications at different locations. F ratios were determined to show 
the probabilities of significance of mean squares. The entry crosses, 
testers, and generations were treated as fixed effects while locations 
were treated as random effects. 
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RESULTS 
Levels of significance for races, entry crosses, testers, 
generations, entry x tester interaction, and entry x generation 
interaction for 1000 kernel weight, test weight, breakage, yield, and 
moisture are presented in Table 2. The differences among races were 
significant for 1000 kernel weight, test weight, moisture (P - 0.0001), 
and yield (P = 0.0025). The entry crosses showed significant differences 
(P ,= 0.0001) for all the traits whereas generations showed significant 
differences for 1000 kernel weight, test weight, yield, moisture (P = 
0.0001), and breakage (P — 0320). Significant differences were also 
found between testers for all the traits except moisture. However, entry 
X tester interaction was significant only for breakage and yield whereas 
entry x generation interaction was significant for all the traits except 
breakage. Mean values of races, entry crosses, testers, and generations 
are presented in Tables 3 to 8. 
1000 Kernel Weight 
The differences among races for this trait were significant (P •=• 
0.0001). The non-Cateto race was the highest (287.31 g) for 1000 kernel 
weight followed by the intermediate race (270.26 g). The entry crosses, 
testers, and generations also showed significant differences (P = 
0.0001). However, the differences between Fj and BC generations were 
nonsignificant at the 0.05 level of significance, that gave 284.00 g and 
275.53 g average values, respectively. The results show that we can 
incorporate exotic germplasm without losing favorable alleles for kernel 
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Table 2. Significance levels for races (R), entry crosses (EC), 
testers (T), generations (G), entry x tester interaction 
(E X T), and entry x generation interaction (E x G) for five 
traits collected at three locations in 1989 
Traits 
1000 kernel Test 
weight weight Breakage Yield Moisture 
(gm) (kg hr^) % (Mg ha"l) (g kg'^) 
R 0.0001 0.0001 0.4099 0.0025 0.0001 
EC 0.0001 0,0001 0.0001 0.0001 0.0001 
T 0.0001 0.0087 0.0048 0.0001 0.9714 
G 0.0001 0.0001 0.0320 0.0001 0.0001 
E X T 0.7551 0.7193 0.0252 0.0155 0.3221 
E X G 0.0001 0.0171 0.5276 0.0391 0.0012 
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Table 3. Mean values of races for five traits collected at three 
locations in 1989 
Traits 
1000 kernel Test 
Race weight weight Breakage Yield Moisture 
(gm) (kg hr^) % (Mg ha"^) (g kg"^) 
Cateto 257.30 73.70 2.86 5.68 207 
Intermediate 270.26 72.41 3.08 5.64 209 
Non-Cateto 287.31 70.24 2.91 6.44 222 
LSD (0.05) 9.87 0.88 0.37 0.46 
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Table 4. Mean values of entry crosses for 1000 kernel weight (g) for 
three generations with their ranking in each generation 
collected at three locations in 1989 
Generation 
Entry cross ?! FZ BC 
1 286.86 (4) 263.75 (4) 269.50 (8) 
2 229,39 (18) 289.25 (1) 258.19 (14) 
3 282.89 (7) 237.58 (14) 268.17 (9) 
4 256.14 (11) ,232.75 (15) 265.33 (11) 
5 254.00 (13) 238.28 (12) 256.53 (15) 
6 256.39 (10) 241.89 (10) 250.72 (17) 
7 238.94 (17) 214.81 (18) 248.14 (18) 
8 289.92 (3) 263.28 (5) 291.44 (2) 
9 • 252.08 (15) 244.69 (9) 265.75 (10) 
10 254.97 (12) 230.39 (16) 265.25 (12) 
11 241.67 (16) 219.75 (17) 255.53 (16) 
12 284.22 (6) 249.72 (8) 290.69 (3) 
13 274.94 (8) 252.06 (7) 260.58 (13) 
14 253.53 (14) 238.03 (13) 270.42 (7) 
15 343.03 (1) 289.06 (2) 294.78 (1) 
16 274.58 (9) 238.33 (11) 284.06 (5) 
17 294.61 (2) 273.61 (3) 285.89 (4) 
18 285.75 (5) 258.67 (6) 280.22 (6) 
Check 291.70 270.98 285.64= 
LSD (0.05) 22.81 16.61 .18.70 
^Average of two BC checks, 
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Table 5. Mean values of entry crosses for test weight, breakage, and 
yield collected at three locations in 1989 
Trait Trait Trait 
Entry Test Entry Entry 
cross weight cross Breakage cross Yield 
(kg hg-l) (%) (Mg ha'l) 
11 74.72 1 3.41 15 7.28 
4 74.66 8 3.32 11 6.05 
12 74.64 15 3.31 2 6.05 
1 74.58 17 3.29 17 6.00 
. 6 74.52 3 3.21 6 5.90 
17 74.43 18 3.18 1 5.89 
9 73.81 10 3.14 18 5.81 
3 73.78 4 2.91 3 5.78 
5 73.64 9 2.87 4 5.73 
8 73.11 6 2.79 9 5.71 
14 72.92 7 2.77 8 5.61 
7 72.77 11 2.73 16 5.61 
2 52.57 12 2.71 5 5.58 
10 72.55 13 2.66 14 5.52 
18 71.76 14 2.63 12 5.39 
15 71.16 2 2.53 10 5.35 
13 70.88 16 2.50 13 5.22 
16 69.32 5 2.23 7 5.11 
Check® 70.40 2.91 8.11 
LSD (0.05) 1.59 0.40 0.58 
^Average of four checks. 
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Table 6. Mean values of entry crosses for moisture content (g kg'^) 
for three generations with their ranking in each generation 
collected at three locations in 1989 
Generation 
Entry cross ] ] 
^2 BC 
1 212 (9) 211 (7) 210 (5) 
2 208 (14) 181 (18) 200 (14) 
3 213 (7) 199 (12) 202 (12) 
4 208 (12) 196 (14) 200 (17) 
5 196 (16) 198 (13) 203 (11) 
6 192 (18) 195 (15) 200 (15) 
7 219 (6) 224 (3) 218 (3) 
8 194 (17) 191 (17) 197 (18) 
9 208 (13) 200 (11) 209 (8) 
10 225 (3) 220 (4) 220 (1) 
11 222 (5) 208 (9) 206 (9) 
12 212 (8) 210 (8) 201 (13) 
13 227 (2) 215 (6) 210 (7) 
14 224 (4) 233 (1) 210 (6) 
15 211 (10) 216 (5) 212 (4) 
16 243 (1) 230 (2) 219 (2) 
17 211 (11) 204 (10) 204 (10) 
18 206 (15) 193 (16) 200 (16) 
Check 
LSD (0.05) 
193 
11 
210 
14 
200% 
12 
^Average of two BC checks. 
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Table 7. Mean values of generations for five traits collected at three 
locations in 1989 
• Traits 
1000 kernel Test 
Generation weight weight Breakage Yield Moisture 
(gm) (kg hr^) % (Mg ha'^) (g kg"^) 
?! 284.00 72.17 2.87 6.84 217 
F2 255.34 71.52 2.91 4.43 211 
BC 275.53 72.66 3.26 6.49 209 
LSD (0.05) 9.87 0.88 0.37 0.46 
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Table 8. Overall mean values of entry crosses with two testers for five 
traits collected at three locations in 1989 
Testers 
Trait Mol7 B73 LSD (0.05) 
1000 kernel weight (gm) 272.20 253.39 6.46 
Test weight (kg hr^) 72.75 73.46 0.53 
Breakage (%) 2.80 3.00 0.13 
Yield (Mg ha'^) 5.36 6.15 0.19 
Moisture (g kg"^) 209 209 4 
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weight from adapted materials by increasing the contribution of adapted 
germplasm. The tester Mol7 proved significantly better than B73 at the 
0.05 probability level, though entry x tester interaction was 
nonsignificant showing that both the testers ranked the entries 
similarly. However, the entry x generation interaction was highly 
significant (P = 0.0001). The plot of entry-cross means (Fig. Al) showed 
that the Fj and F2 ranked the entries similarly as did the BC and F2. 
However, the F^ and BC generations did not rank the entries similarly. 
Therefore, the entry cross means are presented with their ranking in each 
generation separately (Table 4). Entry cross 15 that had introgression 
from a South African non-Cateto inbred gave the highest mean value both 
in the F^ (343.03 g) and BC (294.78 g) while it was ranked number two by 
the F2 generation. Its counterpart F^ and BC checks had the mean values 
291,70 g and 285.64 g, respectively. Entry cross 17 that had 
contribution from a South African Cateto type inbred was ranked number 
two by Fj and number three and number four by F2 and BC generations, 
respectively. 
Test Weight 
Significant variation was found among races, generations, entry 
crosses (P = 0.0001), and testers (P = 0.0087). The Cateto race gave the 
highest test weight value of 73.70 kg h("^, significantly better than 
either of the intermediate or non-Cateto races at the 0.05 probability 
level (Table 3). The backcross generation had the highest value (72.66 
kg h("^), but not significantly different from the Fj generation with 
72.17 kg h("l test weight. The entry crosses with B73 had the higher 
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overall mean value (73.46 kg h("^) than entry crosses with Mol7 (Table 8) 
Results showed that both Mol7 and B73 ranked the entries similarly. The 
entry x generation interaction was significant (P - 0.071); however, the 
plot of entry-cross means (Fig. A2) showed that the Fj, F2, and BC 
generations ranked the entries in a similar manner. Therefore, the mean 
values for this trait were pooled over generations and testers and are 
presented in Table 5. Entry cross 11, which had introgression from a 
Uruguayan Cateto race inbred, gave the highest mean value (74.72 kg h("l) 
that was statistically similar to entry crosses 4, 12, 1, 6, 17, 9, 3, 
and 5. These all have introgression from the Cateto race. The results 
show that the Cateto race has the potential to improve the U.S. hybrids 
for test weight because the average check test weight was 70.40 kg h('^. 
Breakage 
There were nonsignificant differences among races for this trait; 
however, significant differences were found among entry crosses, testers, 
and generations (Table 2). The entry x generation interaction was 
nonsignificant showing that F^, F2, and BC generations ranked the entries 
similarly. Mol7, a Lancaster heterotic group representative, showed 
better performance by contributing favorable alleles to improve the 
breakage susceptibility. The breakage percentage for entry crosses with 
M0I7 (2.8%) differed significantly from that of B73 (3.00%) at the 0.05 
level of significance (Table 8). The entry x tester interaction was 
significant (P •= 0.0252) but Figure A3 showed that Mol7 and B73 ranked 
the entries similarly. The mean values of entry crosses are presented in 
Table 5. The lowest breakage value (2.23%) was that of entry cross 5, 
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that had introgression from a Uruguayan Cateto inbred, compared to the 
check average value of 2.91%. 
Yield 
The entry crosses, testers, and generation effects had significant 
variation for yield at the 0,0001 probability level (Table 2). The 
differences among races were also significant (P = 0.0025), The non-
Cateto race was the highest in yield (6.44 Mg ha'^), significantly higher 
than either of two other races at the 0.05 significance level (Table 3). 
The Fj generation gave the highest value (6.84 Mg ha"^) which was 
statistically similar with the BC generation (Table 7). These results 
showed that the yield potential of local hybrids could be maintained 
while introducing exotic germplasm by increasing the contribution of 
favorable alleles from adapted germplasm. B73, an inbred representing 
the Stiff Stalk Synthetic heterotic group, contributed more towards 
improving yield potential of exotic inbreds by giving 6.15 Mg ha"^ average 
yield in the testcrosses as compared to 5.36 Mg ha"^ for crosses using 
Mol7 as tester (Table 8). The entry x tester interaction was significant 
at the 0,0155 probability level; however, the plot of entry-cross means 
(Fig. A4) showed similar ranking of entries using either Mol7 or B73 as a 
tester. Similarly, entry x generation interaction was found significant 
at the 0.0391 probability level but the plot of entry-cross means (Fig. 
A5) showed similar ranking by Fj, F2, and BC generations. Thus the mean 
values of entry crosses were pooled over testers and generations and are 
presented in Table 5. Entry cross 15, with introgression from a South 
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African non-Cateto inbred, gave the highest yield (7.28 Mg ha"^) although 
it was lower than the check average of 8.11 Mg ha"^. 
Moisture 
The races, entry crosses, and generations showed significant 
differences (P = 0.0001) for this trait. The testers and entry x tester 
interaction were nonsignificantly different showing similar ranking of 
entries by Mol7 and B73 (Table 2). However, the entry x generation 
interaction was significant (P - 0.0012). The plot of entry-cross means 
(Fig. A6) showed similar ranking of entries by the Fj and F2 but 
differential ranking was observed in the BÇ generation. Therefore, the 
entry cross mean values are presented with their ranking in each 
generation separately (Table 6). The lowest moisture content was found 
in the case of entry cross 6 in the Fj, that had introgression from the 
Cateto race inbred from Argentina (192 g kg"^). It was ranked number 15 
both by F2 and BC generations by giving 195 g kg'^ and 200 g kg"^ mean 
values, respectively. Overall, the Cateto race gave significantly lower 
moisture content (207 g kg"^) than the non-Cateto race (Table 3). 
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DISCUSSION AND CONCLUSIONS 
Evaluation and utilization of exotic maize germplasm is needed not 
only to broaden the genetic base of the Corn Belt but also to incorporate 
favorable alleles Corn Belt hybrids lack. Alleles that contribute to 
physical grain quality traits are among those which can be introgressed 
into Corn Belt hybrids using exotic germplasm with high quality. 
The results showed that the entry crosses that had introgression 
from inbreds representing the Cateto race contributed favorable alleles 
for test weight (Table 3). These results were in agreement with those 
reported by Paulsen and Hill (1985) who found superiority of Argentine 
flints as compared to U.S. dents for this trait. 
The entry crosses did not show any significant contribution by the 
Cateto race to improve breakage susceptibility because breakage 
susceptibility is a multiplicative combination of harvesting, drying, and 
genetic effects (Hurburgh, 1990). The stress cracks can form in either 
hard or soft corn which lead to breakage during further handling of the 
grains. 
Hill et al. (1989) reported that Argentine flints, which have a high 
ratio of horny to floury endosperm, were as susceptible to stress cracks 
as U.S. dents. As Dorsey-Redding et al. (1990) found a low correlation 
between breakage susceptibility and hardness of gently-shelled, air-dried 
hybrids, it seems that genetic factors responsible for hardness are 
different from those causing breakage. An alternate approach to reduce 
breakage may be to develop hybrids that have lower moisture content at 
harvest and do not need excessive temperatures for drying. For lower 
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moisture content at harvest Cateto race inbreds contributed favorable 
alleles (Table 3), however, significant differences were found within 
generations for this trait. 
The entry crosses that had introgression from inbreds belonging to 
the Cateto race gave less grain yield than those of the non-Cateto race. 
However, grain yield differences among and BC generations were 
nonsignificant showing that the yield potential of local hybrids could be 
maintained while introducing exotic germplasm by increasing the 
proportion of adapted germplasm. This is similar to the results of 
Goodman (1965), Bridges and Gardner (1987), and Brun and Dudley (1989). 
This study showed that inbreds belonging to the Cateto race have the 
potential to improve the U.S. Corn Belt hybrids for their test weight. 
The Cateto race inbreds also contributed favorable alleles to lower the 
moisture content which may help indirectly to reduce maize grain breakage 
losses. The exotic inbreds related to Cateto race did not contribute 
favorable alleles for grain weight, breakage resistance, and grain yield. 
However, nonsignificant differences between Fj and BC generations for 
grain yield showed that we may incorporate favorable alleles for test 
weight from this source without sacrificing yield potential of adapted 
materials by increasing the genetic contribution from local inbreds. 
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SECTION II. EVALUATION OF CATETO RACE ACCESSIONS FOR GRAIN YIELD AND 
OTHER AGRONOMIC TRAITS IN TEMPERATE AND TROPICAL 
ENVIRONMENTS 
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ABSTRACT 
The potential of exotic germplasm for improvement of qualitative and 
quantitative traits has been documented in many crop species. The 
objective of the present study was to determine and compare the potential 
of Cateto race accessions testcrossed with two Corn Belt inbred testers 
for grain yield and other agronomic traits in temperate and tropical 
environmental conditions. 
Exotic inbreds from Uruguay, Argentina, South Africa, and Taiwan 
representing Cateto, intermediate, and non-Cateto races were crossed to 
U.S. Corn Belt inbreds Mol7 and B73, which belong to the Lancaster and 
Iowa Stiff Stalk heterotic groups, respectively. Evaluation of 18 
testcrosses (F^'s), their F2, and backcross generations along with four 
checks was done in 1989-91 at three temperate (two in Iowa and one in 
Missouri) and two tropical locations (one in Florida and the other in 
Zimbabwe). Data were recorded for grain yield, moisture content, days to 
tassel, days to silk, ear height, stalk lodging, and root lodging. 
The locations, entry crosses, and generations showed significant 
variation for all the traits. Significant differences were also found 
among races for all the traits except days to silk. The entry x 
generation interaction was significant for all the traits except grain 
yield and days to silk whereas the entry x tester interaction was 
significant for ear height, stalk lodging, and root lodging. The entry x 
location interaction was significant for all the traits; however, both 
tropical and temperate environments ranked the entry crosses similarly. 
Testers varied significantly for all the traits except moisture and stalk 
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lodging. Our results indicated that B73 contributed more favorable 
alleles for improved standability and grain yield than Mol7. 
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INTRODUCTION 
To ensure continuous genetic improvement of maize it is necessary to 
broaden the germplasm base of Corn-Belt maize hybrids and breeding 
populations. Extensive use of a few inbred lines of similar genetic 
background in the production of maize hybrids is a major concern for 
genetic vulnerability. Consistent genetic gain has been realized from 5% 
of the maize germplasm available to the breeders (Brown, 1975). Although 
it does not seem genetic variability is a limiting factor for genetic 
gains at the present time, a tremendous reservoir of germplasm is still 
available if a response to selection decreases (Hallauer, 1987). Maize 
breeders need to introduce, adapt, and evaluate the germplasm for its 
immediate availability when needed (Goodman, 1985). The potential of 
exotic germplasm for improvement of qualitative and quantitative traits 
has been documented in many crop species (Burton, 1982; Cox et al., 1984; 
Harlan, 1984; Bramel-Cox et al., 1986; Rattunde et al., 1989). 
Brown (1982) cited photoperiod sensitivity as a limiting factor for 
vast evaluation and extensive utilization of tropical maize in temperate 
regions. Testcrossing exotic inbreds or populations with U.S. Corn Belt 
lines or populations has been proposed by many researchers to explore the 
potential of exotic germplasm accessions for contribution of favorable 
alleles (Burton and Davies, 1984; Dudley, 1984; Frankel and Brown, 1984; 
Gerloff and Smith, 1988). It can also help to rank them on the basis of 
their favorable allele frequencies. Abel and Pollak (1991) compared 
ranking of unadapted accessions testcrossed to eight testers with their 
per se performance as sources of favorable genes for grain yield and 
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other agronomic traits. They proposed that a tester should possess good 
root and stalk lodging resistance for easy evaluation of grain yield. 
Bridges and Gardner (1987) indicated that the F2 was better as 
regards response to selection when the adapted and exotic populations 
performed similarly. The backcross to the adapted population was better 
when the adapted population was superior; and the F2 was better when the 
adapted population has favorable alleles with large effects. 
Brun and Dudley (1989) evaluated four corn populations with 
different proportions of flint and dent germplasm for grain yield and 
other agronomic traits in the U.S. and Argentina. They concluded that 
the populations with 25% flint germplasm seem to be most suitable for 
developing high-yielding hybrids with good standability. The population 
with 25% flint germplasm was 18% higher yielding than population 
representing 100% flint germplasm in the U.S. environment as compared to 
9% in Argentina. They hypothesized that the germplasm adapted the 
environment where it was developed. Beck et al. (1991) reported the 
potential of CIMMYT's subtropical and temperate materials as exotic 
germplasm sources for temperate breeding programs. They found that 
materials containing relatively high levels of temperate germplasm 
performed best in the U.S. environments. 
The objective of the present study was to explore the potential of 
Cateto race accessions testcrossed with two Corn Belt inbred testers for 
grain yield and other agronomic traits in temperate and tropical 
environmental conditions. 
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MATERIALS AND METHODS 
The material for this study included 18 testcrosses (Fj's), their 
F2, and backcross generations along with four checks. The entries, their 
assignment to three racial types and testers used to make entry crosses 
were described in the previous section. 
Locations 
The experiment was planted at the following locations using a 
randomized complete block design. 
Temperate 
1. Ames, Iowa: The experiment with three replications was planted 
at the Agronomy and Agricultural Engineering Research Center on 
May 9. 1989. This location is at 42° 0.9' N lat., 93° 37.0' W 
Long., and 335 m above sea level. 
2. Algona, Iowa: The experiment with two replications was planted 
at this location on May 24, 1989. This location is at 43° 04.1' 
N Lat., and 94° 13.7' W Long. Altitude is similar to Ames. 
3. Columbia, Missouri: The experiment with two replications was 
planted at this location on May 3, 1989, This location is at 
38° 82.0' N Lat., 92° 22.0' W Long, and 274 m above sea level. 
Tropical 
1. South Bay, Florida: The experiment with three replications was 
planted on March 2, 1990, This location is at 25° 27.7' N Lat., 
80° 28,8' W Long,, and 2 m above sea level. This is a 
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subtropical location but it has a tropical weather pattern 
during summer. 
2. Chisumbanje, Zimbabwe: The trial with three replications was 
planted on November 8, 1990, at Chisumbanje, about 80 Km east of 
Chiredzi. This is one of the two lowland research stations 
administered by government of Zimbabwe. This location is at 20° 
48' S Lat., 32° 15' E Long., and 421 m above sea level. 
Conventional agronomic and cultural practices of fertilization and 
weed control recommended for high productivity were applied at all 
locations. Data were collected for the following traits at locations as 
shown in Table 1. 
1. Yield: Total shelled grain per plot later converted to 
megagrams per hectare (adjusted to 155 g kg'^ moisture content). 
2. Moisture content: Expressed in grams per kilogram of kernels at 
harvest. 
3. Days to tassel: Days from planting to 50% pollen shed. 
4. Days to silk: Days from planting to 50% silk emergence. 
5. Ear height (cm): Average of 10 plants/plot measured from ground 
to ear bearing node. 
6. Stalk lodging: Percentage of plants broken below the ear. 
7. Root lodging: Percentage of plants leaning 30° or more. 
Statistical Analysis 
An analysis of variance according to a randomized complete block 
design model was computed for each trait to derive mean squares for the 
entry crosses and their interactions with the generations, testers, and 
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Table 1. Data collected at five locations 
Locations 
South 
Traits Ames Algona Columbia Bay Chisumbanje 
Yield XX X X X 
Moisture content XX XXX 
Days to tassel XXX 
Days to silking X X 
Ear height XXX 
Stalk lodging XXX X 
Root lodging X X X 
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locations. Unweighted mean analysis had to be done due to unequal number 
of replications at different locations. F ratios were determined to show 
the probabilities of significance of mean squares. The entry crosses, 
testers, and generations were treated as fixed effects while locations 
were considered random effects. 
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RESULTS 
Levels of significance for locations, entry crosses, testers, 
generations, races, entry x generation interaction, entry x tester 
interaction, and entry x location interaction for yield, moisture 
content, days to tassel, days to silk, ear height, stalk lodging, and 
root lodging are presented in Table 2. The locations, entry crosses and 
generations showed significant variation for all the traits. Testers 
varied significantly for all the traits except moisture and stalk 
lodging. Significant differences were also found for races for all the 
traits except days to silk. The entry x generation interaction was 
significant for all the traits except yield and days to silk whereas the 
entry x tester interaction was significant for ear height, stalk lodging, 
and root lodging. The entry x location interaction was significant for 
all the traits; however, the plots of entry-cross means (Fig. B9-B15) 
showed that both temperate and tropical environments ranked the entry 
crosses similarly. Mean values of races, generations, testers, entry 
crosses, entry crosses within generations, and locations are presented in 
Tables 3 to 11. 
Yield 
The locations, entry crosses, testers, and generations showed 
significant variation at the 0.0001 probability level (Table 2). The 
differences among races were also significant (P » 0.0312). The entry x 
tester interaction was nonsignificant showing non-differential ranking of 
entries by Mol7 and B73. The entry x generation interaction was also 
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Table 2. Significance levels for locations (L), entry crosses (EC), 
testers (T), generations (G), races (R), entry x tester 
interaction (E x T), entry x generation interaction (E x G), 
and entry x location interaction (E x L) for seven traits 
collected from tropical and temperate environments in 1989-91 
Traits 
Days to Ear Lodging 
Yield Moisture Tassel Silk height Stalk Root 
Mg ha"^ g kg"^ cm %• 
0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
EC 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.0001 0.1816 0,0001 0.0001 0.0001 0.0691 0.0075 
0.0001 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 
0.0312 0.0002 0.0005 0.0606 0.0007 0.0001 0.0020 
E X T 0.2247 0.1180 0.0909 0.6470 0.0264 0.0113 0.0026 
E X G 0.0567 0.0438 0.0001 0.2343 0.0004 0.0001 0.0001 
E X L 0.0001 0.0001 0.0002 0.0015 0.0041 0.0001 0.0001 
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Table 3. Mean values of entry crosses (averaged over races) for seven 
traits collected from tropical and temperate environments in 
1989-91 
Traits 
Days to Ear Lodging 
Race Yield Moisture Tassel Silk height Stalk Root 
Mg ha"^ g kg"^ cm % 
Cateto 5.72 199 65.6 65.0 117 9.2 16.9 
Intermediate 5.90 199 66.5 66.0 123 13.0 23.6 
Non-Cateto 6.32 208 66.1 66.0 113 6.8 5.9 
LSD (0.05) 0.45 4 0.4 1.0 4 2.5 8.7 
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Table 4. Mean values of entry crosses (averaged over generations) for 
seven traits collected from tropical and temperate environments 
in 1989-91 
Traits 
Days to Ear Lodging 
Generations Yield Moisture Tassel Silk height Stalk Root 
Mg ha ^ g kg ^ cm -----% - -
Fj 7.03 205 65.0 64.5 130 9.0 21.8 
Fg 4.46 201 67.0 66.7 107 12.2 16.5 
BC 6.46 200 66.2 65.8 116 7.9 8.1 
LSD (0.05) 0.45 4.0 0.4 1.0 4.0 2.5 8.7 
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Table 5. Mean values of entry crosses (averaged over testers) for seven 
traits collected from tropical and temperate environments in 
1989-91 
Testers 
Traits Mol7 B73 LSD (0.05) 
Yield (Mg ha'^) 5.37 6.26 0.19 
Moisture (g kg'^) 200 199 3 
Days to tassel 64.4 67.2 0.5 
Days to silk 64.0 66.6 0.4 
Ear height (cm) 109 125 2 
Stalk lodging (%) 9.1 10.0 1.1 
Root lodging (%) 18.7 14.8 3.6 
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Table 6. Mean values of entry crosses for yield, days to stilk, and ear 
height pooled over locations, generations, and testers 
Trait Trait Trait 
• Entry Entry Days to Entry Ear 
cross Yield cross silk cross height 
Mg ha'l cm 
15 6.72 7 67.6 8 129 
18 6.21 14 67.4 13 129 
2 6.15 13 66.9 14 128 
11 6.09 16 66.4 16 124 
3 6.07 1 66.0 9 122 
1 6.01 10 66.0 1 122 
17 5.94 11 65.8 12 119 
16 5.92 18 65.6 18 119 
6 5.86 3 65.3 7 119 
9 5.83 8 65.1 5 118 
5 5.75 15 65.1 6 117 
12 5.71 6 65.0 2 116 
14 5.49 2 65.0 10 115 
13 5.49 5 64.7 4 113 
8 5.45 12 64.4 3 112 
7 ' 5.42 9 64.4 11 109 
10 5.39 4 64.0 15 102 
4 5.25 17 60.6 17 98 
Check^ 8.44 66.3 118 
LSD (0.05) 0.57 1.2 5 
^Average of four checks. 
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Table 7. Mean values of entry crosses for moisture content (g kg"^) for 
three generations with their ranking in each generation 
collected at five locations in 1989-91 
Generations 
Entry cross Fj F2 BC 
1 201 (9) 201 (7) 201 (7) 
2 198 (14) 182 (18) 195 (14) 
3 203 (7) 192 (12) 196 (11) 
4 198 (3) 190 (14) 192 (16) 
5 190 (16) 191 (13) 195 (13) 
6 190 (15) 189 (15) 192 (17) 
7 210 (6) 213 (3) 206 (3) 
8 190 (17) 187 (17) 190 (18) 
9 199 (12) 196 (11) 199 (9) 
10 221 (2) 209 (4) 208 (1) 
11 210 (5) 200 (8) 197 (8) 
12 201 (8) 200 (9) 197 (10) 
13 214 (3) 203 (5) 201 (6) 
14 210 (4) 217 (1) 202 (4) 
15 200 (11) 202 (6) 202 (5) 
16 224 (1) 214 (2) 207 (2) 
17 201 (10) 196 (10) 196 (12) 
18 190 (18) 188 (16) 193 (15) 
Check 192 199 192* 
LSD (0.05) 10 10 8 
^Average of two BC checks. 
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Table 8. Mean values of entry crosses for days to tassel for three 
generations with their ranking in each generation collected 
at three locations representing tropical and temperate 
environments in 1989-91 
Generations 
Entry cross Fl F2 BC 
1 64.9 (9) 67.3 (9) 66.6 (5) 
2 63.9 (15) 67.1 (10) 66.3 (10) 
3 64.2 (12) 65.5 (14) 65.6 (14) 
4 63.6 (17) 63.7 (17) 65.7 (13) 
5 66.4 (1) 67.6 (7) 65.8 (12) 
6 65.0 (7) 66.3 (12) 66.3 (8) 
7 65.4 (5) 69.4 (2) 67.7 (1) 
8 64.0 (14) 66.2 (13) 66.9 (3) 
9 64.9 (8). 65.0 (16) 66.3 (9) 
10 63.7 (16) 68.4 (4) 66.0 (11) 
11 64.5 (10) 67.8 (6) 65.6 (15) 
12 64.2 (13) 66.3 (11) 65.5 (16) 
13 66.1 (2) 67.4 (8) 66.8 (4) 
14 65.5 (4) 69.8 (1) 67.1 (2) 
15 65.2 (6) 65.1 (15) 65.4 (17) 
16 66.1 (3) 68.4 (5) 66.5 (6) 
17 61.3 (18) 61.8 (18) 63.7 (18) 
18 64.4 (11) 68.5 (3) 66.3 (7) 
Check 66.8 66.9 66.2* 
LSD (0.05) 1.7 1.5 1.2 
^Average of two BC checks. 
Table 9. Mean values of entry crosses for stalk lodging (%) for three generations with their 
ranking in each generation collected at four locations representing tropical and 
temperate environments in 1989-91 
Entry cross 
Set 1* Set 2b 
Fl F2 BC Fl FZ BC 
1 6.2 (11) 11.7 (7) 8.6 (8) 10. 8 (8) 7.9 (13) 6.5 (15) 
2 10.9 (4) 4.4 (18) 9.6 (6) 8. 3 (10) 4.3 (16) 7.1 (14) 
3 5.5 (13) 9.1 (14) 11.6 (1) 13. 1 (3) 7.5 (14) 16.0 (2) 
4 5.2 (15) 13.6 (4) 8.3 (11) 7. 0 (12) 5.5 (15) 6.5 (16) 
5 8.0 (8) 11.4 (8) 8.4 (10) 7. 2 (11) 8.0 (12) 16.3 (1) 
6 6.3 (10) 11.7 (6) 8.8 (7) 4. 6 (17) 11.3 (7) 7.3 (13) 
7 8.0 (7) 9.9 (13) 7.2 (13) 12. ,1 (5) 8.1 (11) 9.9 (7) 
8 13.8 (1) 17.2 (3) 5.7 (15) 15. 4 (2) 18.4 (2) 10.9 (6) 
9 5.2 (16) 12.9 (5) 11.3 (3) 11. 7 (7) 8.3 (10) 11.6 (5) 
10 9.4 (5) 17.6 (2)  11.4 (2) 13. ,1 (4) 13.1 (4) 9.3 (9) 
11 8.2 (6) 6.0 (17) 4.1 (17) 3. 0 (18) 3.3 (17) 9.0 (10) 
12 5.8 (12) 10.4 (11) 8.5 (9) 6, .8 (14) 11.6 (6) 12.4 (4) 
13 6.4 (9) 7.4 (16) 7.8 (12) 11. 8 (6) 14.8 (3) 7.4 (11) 
14 12.9 (3) 11.0 (9)  10.4 (4) 10, .5 (9) 12.3 (5) 9.4 (8)  
15 5.4 (14) 10.3 (12) 4.1 (16) 7 .0 (13)  10.5 (8) 3.4 (17) 
16 3.5 (18) 10.6 (10) 6.7 (14) 4 .8 (15) 8.5 (9)  7.3 (12) 
17 3.7 (17) 7.7 (15) 3.7 (18) 4 .7 (16) 3.1 (18) 3.0 (18) 
18 13.0 (2) 25.3 (1) 10.1 (5) 31 .2 (1) 33.0 (1) 14.3 (3) 
Check's average 4.1 6.5 6.5 4 .1 6.5 4.1 
LSD (0.05) 7.1 7.5 6.7 7 .1 7.5 6.7 
*Entry crosses with Mol7 as tester. 
''Entry crosses with B73 as tester. 
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Table 10. Mean values of entry crosses for root lodging (%) for three 
generations with their ranking in each generation. Collected 
at three locations representing tropical and temperate 
environments in 1989-91 
Generations 
Entry cross Fl ^2 BC 
1 18.5 (12) 33 .7 (2) 4 .9 (13) 
2 19.3 (11) 22 .4 (5) 7 .9 (10) 
3 36.2 (3) 21 .6 (7) 9 .5 (6) 
4 40.7 (2) 14 .0 (13) 15 .8 (2) 
5 21.3 (8) 30.4 (3) 11 .1 (4) 
6 5.3 (17) 17 .8 (10) 1 .3 (18) 
7 36.2 (4) 18, .8 (9) 11, .5 (3) 
8 16.0 (14) 15, .1 (12) 8 .8 (8) 
9 35.8 (5) 35. ,5 (1) 6, .4 (12) 
10 32.8 (7) 21, .2 (8) 8, .8 (7) 
11 7.0 (15) 8, ,3 (17) 2, ,9 (16) 
12 20.0 (10) 21, ,8 (6) 4, ,3 (14) 
13 46.9 (1) 24. ,0 (4) 24, ,2 (1) 
14 20.2 (9) 16. 8 (11) 7. 8 (11) 
15 0.6 (18) 0. 3 (18) 2. 8 (17) 
16 17.2 (13) 11. 6 (16) 3. 1 (15) 
17 6.1 (16) 12. 7 (15) 8. 2 (9) 
18 35.5 (6) 13. 6 (14) 10. 7 (5) 
Check 6.2 3. 6 2. 7% 
LSD (0.05) 16.4 10. 0 6. 4 
^Average of two BC checks. 
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Table 11. Mean values of entry crosses (averaged over locations) for 
seven traits collected in 1989-91 
Traits 
Days to 
Yield Moisture Tassel Silk 
Mg ha'^ g kg'l 
5.58 230 71.4 76.1 129 8.7 24.6 
6.61 217 - " " — - — 15.0 - - -
5.06 179 72.9 --- 123 8.6 24.9 
Locations 
Ames 
(Iowa) 
Algona 
(Iowa) 
Columbia 
(Missouri) 
South Bay 7.19 
(Florida) 
Chisumbaje 4.65 
(Zimbabwe) 
LSD (0.05) 0.30 
197 
176 53.2 54.5 
5 0.60 0.4 
Ear Lodging 
height Stalk Root 
cm 
99 5.9 4.5 
2 2.4 4.5 
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nonsignificant implying similar ranking of entries by Fp F2, and BC. 
These findings confirmed the results reported in the previous section 
based on testing of the same material at three locations representing 
only temperate environments. The contribution of B73, an Iowa Stiff 
Stalk inbred, was significantly greater than that of Mol7 for improving 
the yield potential of entry crosses (Table 5). The entry crosses that 
had introgression from the non-Cateto race produced the greatest overall 
mean grain yield that was significantly different from that of Cateto 
race (Table 3). The entry x location interaction was significant at the 
0.0001 probability level (Table 2), however, the plot of entry cross 
means (Fig. 39) showed similar ranking of entries by temperate and 
tropical environments. The mean yield of entry crosses for each location 
is summarized in Table 11. The location South Bay (Florida) had the 
greatest mean grain yield (7.19 Mg ha"^) ; however, the average grain yield 
produced by temperate and tropical locations did not show significant 
differences. 
Because testers, generations, and environments ranked the entries 
similarly, the mean values of entry crosses for grain yield were pooled 
over testers, generations, and locations and are presented in Table 6. 
Entry cross 15, that had introgression from a South African inbred 
representing the non-Cateto race, produced the greatest mean grain yield 
(6.72 Mg ha"^) . It was statistically similar with entry cross 18 (6.21 Mg 
ha"^) that had contribution from a Taiwanese inbred representing an 
intermediate race. However, the check's average grain yield was greater 
than any of the entry crosses. 
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Moisture 
There were significant differences among locations, entry crosses, 
generations and races (Table 2). The entry crosses that had 
introgression from the Cateto race gave significantly lower moisture 
content than entry crosses having a non-Cateto race in their genetic 
constitution (Table 3). However, non-significance differences were found 
between Cateto and intermediate races. The differences among testers 
were nonsignificant. The entry x tester interaction was also 
nonsignificant implying similar ranking of entries by Mol7 and B73. The 
BC generation showed the lowest mosture content (200 g kg'^) showing the 
contribution of favorable alleles by adapted germplasm to lower the 
moisture content. The entry x generation interaction was significant (P 
- 0.0438), however, the plot of entry-cross means (Fig. Bl) showed 
similar ranking of entries by Fj and ¥2- But F^ and BC ranked the entries 
differently as did the generations F2 and BC. Therefore, the entry cross 
means are presented for F^, F2, and BC separately with their ranking in 
each generation in Table 7. The entry cross 18 that had introgression 
from a Taiwanese inbred representing an intermediate race showed the 
lowest moisture content (190 g kg"^), nonsignificantly lower than its 
counterpart Fj check with 192 g kg"^ moisture content. Significant 
differences were found among locations (P = 0.0001) and the lowest 
moisture content was recorded at Chisumbanje, Zimbabwe (Table 11). The 
entry x location interaction was also significant (P =• 0.0001), however, 
the plot of entry-cross means (Fig. BIO) showed similar ranking of 
64 
entries by locations representing either temperate or tropical 
environments. 
Days to Tassel 
Significant differences were found among locations, entry crosses, 
testers, generations (P - 0.0001), and races (P •= 0.0005) (Table 2). The 
tropical location of Chisumbanje had the least days to tassel (53.2) as 
compared to 71.4 and 72.9 at temperate locations Ames and Columbia, 
respectively. The entry x location interaction was significant (P = 
0.0002), however, the plot of entry-cross means (Fig. Bll) showed similar 
ranking by temperate and tropical environments. The entry crosses 
represented by the Cateto race had the least days to tassel, (Table 3) 
significantly less than their counterparts belonging to intermediate or 
non-Cateto races at the 0.05 significance level. The entry x tester 
interaction was nonsignificant showing similar ranking of entries by Mol7 
and B73. However, the entry crosses with Mol7 as a tester took fewer 
days to tassel than with B73 (Table 5). The Fj generation took the least 
days to tassel (65.0), significantly lower than the F2 and BC generations 
at the 0.05 probability level (Table 4) which took 67.0 and 66.2 days, 
respectively. The entry x generation interaction was significant (P = 
0.0001) showing differential ranking of entries by three generations. 
However, the plot of entry-cross means (Fig. B2) showed similar ranking 
of entries by the Fj and F2 as well as by Fj and BC; but the BC and F2 
generations ranked the entries differently. Thus the mean values of 
entry crosses for days to tassel are presented for Fj, F2, and BC 
separately with their ranking in each generation (Table 8). 
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Interestingly, all the generations ranked entry cross 17 as the least for 
days to tassel (61.3) as compared to the check with 66.8 days. This 
entry had introgression from a South African inbred related to the Cateto 
race. 
Days to Silk 
The locations, entry crosses, testers, and generations showed 
significant variation at the 0.0001 probability level (Table 2) whereas 
the races showed nonsignificant variation for this trait. The data were 
only available from two locations (i.e., Ames and Chisumbanje); 
nevertheless, each of them provided a different type of environment to 
compare the performance of entry crosses. The average days to silk at 
Chisumbanje, a tropical location, were 54.5 as compared to the temperate 
location, Ames, with 76.1 days (Table 11). The entry x location 
interaction was significant (P - 0.0015), however, the plot of entry-
cross means (Fig. B12) showed similar ranking of entries by locations 
within temperate and tropical environments. The tester Mol7 gave fewer 
days to silk (64.0) for entry crosses than B73 (66.6) (Table 5), however, 
the entry x tester interaction was nonsignificant showing similar trends 
of ranking the entries by both the testers. Similarly, entry x 
generation interaction was nonsignificant showing similar ranking of 
entries by the Fj, F2, and BC generations. However, fewer days to silk 
were found in the Fj generation, significantly fewer than either the F2 or 
BC generation at the 0.05 level of significance (Table 4). 
Due to non-differential ranking of entries, the entry-cross means 
were averaged over testers, generations and locations and are presented 
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in Table 6. Entry cross 17, that had introgression from a South African 
inbred belonging to the Cateto race, had the least days to silk (60.6) as 
compared to the check's average of 66.3. 
Ear Height 
Significant.variation was found among locations, entry crosses, 
testers, generations (P - 0.0001), and races (P - 0.0007) (Table 2). The 
lowest average ear height was found in the entry crosses that belonged to 
the non-Cateto race (Table 3), however, it was nonsignificantly different 
from that of the Cateto race. The tester Mol7 was more effective for 
lowering the ear placement (109 cm) as compared to B73 (125 cm) (Table 
5). The entry x tester interaction was significant (P =• 0.0264) but 
similar ranking of entries was seen for both Mol7 and B73 (Fig. B3). For 
generations, the F2 had the lowest ear height (107 cm), significantly 
different than that of Fj or EC (P - 0.05) (Table 4). The entry x 
generation interaction was significant (P - 0.0004, but again the entries 
were ranked quite similarly by all three generations (Fig. B4). The 
tropical location, Chisumbanje, showed the lowest mean value (99 cm), 
significantly lower than temperate locations, Ames (129 cm), and Columbia 
(123 cm) (Table 11). The entry x location interaction was significant (P 
= 0.0041) but the plot of entry-cross means (Fig. B13) showed similar 
ranking of entries by locations representing temperate and tropical 
environments. As there was similar ranking of entries, the mean values 
for ear height were averaged over testers, generations, and locations and 
are presented in Table 6. The average lowest ear placement was shown by 
entry cross 17 (98 cm), that had introgression from a South African 
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inbred related to the Cateto race, as compared to check's average of 118 
cm. 
Stalk Lodging 
The locations, entry crosses, generations, and races showed 
significant variation at the 0.0001 probability level whereas 
nonsignificant differences were found among testers (Table 2). The 
lowest mean value (6.8%) was recorded in the non-Cateto race though it 
was nonsignificantly different from that of Cateto race (Table 3). The 
BC generation showed the least incidence of stalk lodging (7.9%) showing 
the necessity of increasing the contribution of adapted germplasm for 
getting better standability of the crop (Table 4). The entry x tester 
interaction was significant (P - 0.0113). The plot of entry-cross means 
(Fig. B5) also showed dissimilar ranking of entries by Mol7 and B73. 
Similarly, entry x generation interaction was significant (P = 0.0001) 
and dissimilar ranking of entries was observed by plotting entry-cross 
means (Fig. B6). The lowest incidence of stalk lodging was observed at 
the tropical location, Chisumbanje, (5.9%), that was significantly lower 
than either of the temperate locations (Table 11). However, both the 
temperate and tropical environments ranked the entries similarly in spite 
of the significance of entry x location interaction at the 0.0001 
probability level (Fig. B14). 
Due to differential ranking of entries by testers and generations, 
the entry cross mean values are presented in two sets (Table 9) showing 
ranking of entries within each generation and each tester separately. In 
the case of Mol7 as a tester, the least incidence (3.5%) was observed for 
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entry cross 16 in the generation, that had introgression from a South 
African inbred related to a non-Cateto race, as compared to 4.1% for its 
counterpart Fj check. B73 ranked entry cross 11 in the Fj generation with 
the lowest mean value (3.0%), that had introgression from a Uruguayan 
inbred representing the Cateto race. 
Root Lodging 
A significant variation was found among locations, entry crosses, 
testers, generations, and races (Table 2). The entry crosses having 
introgression from the non-Cateto race showed the least incidence of root 
lodging (Table 3). The tropical location, Chisumbanje, showed the lowest 
mean value (4.5%) as compared to temperate locations, Ames and Columbia, 
with 24.6% and 24.9% mean values, respectively (Table 11). The entry x 
location interaction was significant (P - 0.0001), however, the plot of 
entry-cross means (Fig. B15) showed similar ranking of entries by 
locations within temperate and tropical environments. The tester B73 was 
more effective than Mol7 to reduce the incidence of root lodging (Table 
5). The entry x tester interaction was significant (P = 0.0026) but 
quite similar ranking of entries was observed by plotting the entry-cross 
means for both the testers (Fig. B7). The BC generation showed the 
lowest mean value (8.1%) (Table 4). The entry x generation interaction 
was significant at the 0.0001 probability level. As observed by plotting 
the entry-cross means (Fig. B8), the F^ and BC generations ranked the 
entries similarly as did F2 and BC generations. However, the ranking was 
dissimilar for F^ and F2 generations. Therefore, the entry-cross means 
are presented separately for Fp F2, and BC with their respective ranking 
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within each generation (Table 10). Entry cross 15, which had 
introgression from a South African inbred related to the non-Cateto race, 
was ranked as the least root lodged (0.6%) by both Fj and F2 generations. 
Entry cross 6, that had introgression from Argentina's inbred belonging 
to Cateto race, was ranked with least mean value (1.3%) by backcross 
generation as compared to check's average 6.2% (F^), 3.6% (F2), and 2.7% 
(BC). 
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DISCUSSION AND CONCLUSIONS 
The entry crosses were tested at five locations representing 
temperate and tropical environments, however, the data for some of the 
traits were not available from each location. For example, the data for 
days to silk were available only from two locations making it difficult 
to draw general and fair conclusions about its response under each set of 
conditions. Nevertheless, the data for more important traits like grain 
yield and moisture content were available from all the locations. 
The results showed that the Cateto race did not contribute favorable 
alleles for grain yield (Table 3), however, the mean grain yield 
increased considerably by increasing the contribution of adapted dent 
inbreds to 75% (Table 4). Brun and Dudley (1989) also suggested a higher 
concentration of favorable alleles for grain yield in the dent germplasm. 
The results also agree with the view of backcrossing to superior parent 
to enhance mean performance (Dudley, 1982; Bridges and Gardner, 1987; 
Crossa and Gardner, 1987). 
The moisture content at harvest was lower for the Cateto and 
intermediate races, suggesting the contribution of favorable alleles for 
this trait by these races which may be helpful to decrease grain breakage 
losses during harvesting at higher moisture content. Days to tassel and 
silk were fairly low under the tropical environments indicating the 
effect of cold soils at planting that causes slow growth in the temperate 
environments. 
The entry crosses related to the non-Cateto race showed lower mean 
values for stalk and root lodging (Table 3). Also, when we increased the 
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proportion of adapted Corn Belt inbreds, a significant reduction in mean 
values was observed. These results were similar to those reported by 
Bridges and Gardner (1987) and Brun and Dudley (1989). While comparing 
performance of several testers, Abel and Pollak (1991) proposed that a 
tester should possess good root and stalk lodging resistance for easy 
evaluation of grain yield. Our results showed that entry crosses with 
B73 as a tester gave better performance for grain yield and resistance 
against root lodging. This indicated that B73 contributed more favorable 
alleles to improve standability and grain yield than Mol7. However, the 
differences among testers for stalk lodging were nonsignificant. 
This study showed that the inbreds representing Cateto race did not 
contribute favorable alleles for grain yield. However, there was a 
considerable increase in grain yield by increasing the contribution of 
adapted inbreds by backcrossing. It seems that we may utilize favorable 
alleles from Cateto race to lower moisture content without sacrificing 
yield potential of the adapted material. These findings confirmed the 
results reported in the previous section based on evaluation of the same 
material at three temperate locations. 
Days to tassel and silk were less under tropical environments 
indicating the effect of heat units at early stage of the crop in the 
tropics causing faster initial growth rate which is not the case in 
temperate regions. There were fewer root lodged plants under tropical 
environments showing the adaptation of the germplasm for that 
environment. 
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GENERAL CONCLUSIONS 
The potential of exotic germplasm for improvement of qualitative and 
quantitative traits has been documented in many crop species (Burton, 
1982; Cox et al., 1984; Harlan, 1984; Bramel-Cox et al., 1986; Rattunde 
et al., 1989). Because exotic maize races have different evolutionary 
history from the U.S. dent race, they may have many favorable alleles for 
physical grain quality, productivity, resistance against insect pests and 
diseases, etc. Therefore, it seems worthwhile to evaluate exotic 
germplasm for its adaptability and potential in the temperate areas of 
the United States. 
This study used 18 exotic inbreds to determine their potential for 
improving physical grain quality traits of Corn Belt inbreds under 
temperate environments of the United States (Section I). The inbreds 
belonging to Cateto, intermediate, and non-Cateto races were crossed, with 
two prominent U.S. Corn Belt inbreds, Mol7 and B73, which represented the 
Lancaster and Stiff Stalk heterotic groups, respectively. The 
testcrosses (F^'s), their F2 and backcross generations were tested at 
three locations, two in Iowa and one in Missouri. 
The study showed that inbreds belonging to the Cateto race have the 
potential to improve U.S. Corn Belt hybrids for their test weight. 
Similar results were reported by Paulsen and Hill (1985) who found 
superiority of Argentine flints as compared to U.S. dents for this trait. 
There is a need to test these inbreds for their protein and oil content, 
starch quality, and grain hardness. Hill et al. (1989) reported the 
superiority of the Argentine flints for these traits. 
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There was no significant contribution by the inbreds representing 
Cateto race to improve breakage susceptibility. As reported by Dorsey-
Redding et al. (1990), it seems that genetic factors responsible for 
hardness are different from those causing breakage. As regards testers, 
Mol7 contributed more favorable alleles to increase grain weight and to 
reduce breakage, whereas B73 contributed more favorable alleles for grain 
yield and test weight. 
The same material was tested for grain yield and other agronomic 
traits at five locations representing temperate and tropical environments 
(Section II). The results showed that the Cateto race did not contribute 
favorable alleles for grain yield. However, a considerable increase in 
grain yield was obtained by increasing the contribution of adapted 
inbreds to 75% by backcrossing. Similar results were reported by Dudley 
(1982), Bridges and Gardner (1987), Crossa and Gardner (1987) , and Brun 
and Dudley (1989). The lower moisture content at harvest shown by the 
Cateto and intermediate races may contribute to reduced breakage losses 
in U.S. dents during harvesting at higher moisture content. 
Days to tassel and silk were lower under the tropical environments 
indicating the effect of cold soils during the spring in temperate areas 
that causes slower growth. In spite of the significant entry x location 
interaction, both temperate and tropical environments ranked the entry 
crosses similarly. 
The entry crosses related to the non-Cateto race showed lower mean 
values for stalk and root lodging. Also when we increased the 
contribution of adapted Corn Belt inbreds by backcrossing, a significant 
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reduction in mean values was observed for these traits. Bridges and 
Gardner (1987) and Brun and Dudley (1989) reported similar results. 
The tester B73 contributed more favorable alleles for root lodging 
resistance and greater grain yield. However, the percentage of stalk 
lodged plants was similar for both the testers. 
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APPENDIX A 
87 
KERNEL WEIGHT (gm) 
350 
F1 F2 BC 
300 -
2 5 0 -
200 
7 11 5 6 10 4 14 9 2 13 3 16 1 12 18 8 17 15 
ENTRY CROSS 
Fig. Al. Ranking of entries by 
generations. 
88 
TEST WEIGHT (Kg/hi) 
F1 F2 BC 
76 -
7 4 -
72 -
7 0 -
68 
16 13 15 18 10 2 7 14 8 6 3 9 17 6 1 12 4 11 
ENTRY CROSS 
Fig. A2. Ranking of entries by 
generations. 
89 
BREAKAGE(%) 
Mo17 B73 
3.5 -
2 . 5 -
17 15 8 1 
ENTRY CROSS 
Fig. A3. Ranking of entries by testers. 
90 
YIELD (Mg/ha) 
10 
B73 H- Mo17 
9 
8 
7 
6 
5 
4 
7 13 10 12 14 6 16 8 9 4 3 18 1 6 17 2 11 15 
ENTRY CROSS 
Fig. A4. Ranking of entries by testers. 
91 
YIELD (Mg/ha) 
9 
F1 -Me- F2 BC 
8 
7 
6 
5 
4 
3 
7 13 10 12 14 6 16 8 9 4 3 18 1 6 17 2 11 16 
ENTRY CROSS 
Fig. AS. Ranking of entries by 
generations. 
i 
MOISTURE (g/Kg) 
260 
F1 + F2 BC 
240 -
230 -
220-
2 1 0 -
200-
1 8 0 -
170 
8 6 2 6 18 4 3 9 17 12 1 11 16 13 7 10 14 16 
ENTRY CROSS 
Fig. A6. Ranking of entries by 
generations. 
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APPENDIX B 
94 
MOISTURE (g/Kg) 
230 
F1 F2 BC 
220-
2 1 0 -
200 -
190 
180 
8 6 18 2 6 4 3 17 9 12 15 1 11 13 7 14 10 16 
ENTRY CROSS 
Fig. 81. Ranking of entries by 
generations. 
95 
DAYS TO TASSEL 
70 
F1 + F2 BC 69 -
68 -
67 -
66 -
65 -
6 4 -
6 3 -
6 2 -
60 
5 13 16 14 7 
ENTRY CROSS 
Fig. B2. Ranking of entries by 
generations. 
96 
EAR HEIGHT (cm) 
150 
B73 Mo17 
1 4 0 -
1 3 0 -
1 2 0 -
1 1 0 -
4- + 
1 0 0 -
90 
17 15 11 3 4 10 6 16 8 
ENTRY CROSS 
Fig. 83. Ranking of entries by testers. 
97 
EAR HEIGHT (cm) 
150 
F1 -7#- F2 BC 
1 4 0 -
130 -
120 -
1 1 0 -
100 ^ 
9 0 -
80 
17 16 11 4 10 2 6 12 1 9 16 14 13 8 7 
ENTRY CROSS 
Fig. B4. Ranking of entries by 
generations. 
98 
STALK LODGING (%) 
30 
Mo17 B73 
26 -
20 -
1 0 -
5-
6 9 3 14 10 8 18 7 
ENTRY CROSS 
Fig. 85. Ranking of entries by testers. 
99 
STALK LODGING (%) 
30 
F1 + F2 BC 
26-
20 -
1 5 -
1 0 -
17 11 15 16 2 4 6 1 7 13 12 5 9 3 14 10 8 18 
ENTRY CROSS 
Fig. B6. Ranl(ing of entries by 
generations. 
100 
ROOT LODGING (%) 
50 
Mo17 B73 
40 -
3 0 -
20-
1 0 -
16 8 14 12 2 1 18 10 5 7 3 4 9 13 
ENTRY CROSS 
Fig. 87. Ranl<ing of entries by testers. 
101 
ROOT LODGING (%) 
60 
F1 F2 BC 
40 -
3 0 -
20 -
15 11 6 17 16 8 14 12 2 1 18 10 5 7 3 4 9 13 
ENTRY CROSS 
Fig. B8. Ranking of entries by 
generations. 
102 
YIELD (Mg/ha) 
8 
TEMPERATE TROPICAL 
7 
6 
6 
4 
4 10 7 8 13 14 12 6 9 6 16 17 1 3 11 2 18 15 
ENTRY CROSS 
Fig. B9. Ranking of entries by 
environments. 
103 
MOISTURE (g/Kg) 
230 
TEMPERATE TROPICAL 
220-
2 1 0  -
200 -
1 9 0 -
1 8 0 -
170 
11 13 7 14 10 16 8 6 18 5 4 9 15 
ENTRY CROSS 
Fig. BIO. Ranking of entries by 
environments. 
104 
100 
DAYS TO TASSEL 
90 -
80 
7 0 -
60 -
60-
40 
30 
20 
TEMPERATE TROPICAL 
4- 4-+ -^  + + + -h 4-
1 I I I I I I I I I I I I I I I 
17 4 16 9 12 3 6 2 8 10 6 11 1 18 16 13 7 14 
ENTRY CROSS 
Fig. B11. Ranking of entries by 
environments. 
105 
DAYS TO SILK. 
120 
TROPICAL TEMPERATE 
1 1 0 -
1 0 0 -
90 -
80 -
60-
60-
40 
18 11 10 1 16 13 14 7 
ENTRY CROSS 
Fig. B12. Ranking of entries by 
environments. 
106 
EAR HEIGHT (cm) 
1 9 0 -
TEMPERATE TROPICAL 
170 -
160 -
1 3 0 -
1 1 0 -
90 --
7 0 -
5 0 -
3 0 -
10 
17 15 11 4 3 2 10 6 12 6 18 9 7 
ENTRY CROSS 
Fig. B13. Ranking of entries by 
environments. 
107 
STALK LODGING (%) 
25 
TEMPERATE TROPICAL 
20 -
17 11 15 16 2 4 6 1 7 13 12 5 9 3 14 10 8 18 
ENTRY CROSS 
Fig. B14. Ranking of entries by 
environments. 
108 
ROOT LODGING (%) 
TEMPERATE TROPICAL 
Of 
16 11 6 17 16 8 14 12 2 1 18 10 6 7 3 4 9 13 
ENTRY CROSS 
Fig. BIS. Ranking of entries by 
environments. 
